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Preface

In January 2021, DOH received six-month’s funding to address several topics associated
with Washington’s Freshwater Algae Control Program at the request of local health
jurisdictions and lake managers. Objectives of the project were to:

1) Determine local health jurisdictions’ and lake managers’ preference
regarding a Two-Tier Lake Management Protocol vs. the original Three-Tier
approach.

2) Update signs to reflect a Two-Tier approach, if chosen, and determine
additional languages for key message translations.

3) Develop an Informational Sign for posting by LHJs and lake managers at lakes
with a history of blooms.

4) Create materials and communicate methods for reporting animal and human
ilinesses associated with freshwater cyanobacteria.

We surveyed interested parties on several cyanobacteria topics to inform decisions on
the above objectives. Survey results were presented in a statewide freshwater
cyanobacteria workshop where stakeholders provided additional preferences regarding
protocol and sign development.

Two previous recreational guidance value reports (Microcystins and Anatoxin-a,
Cylindrospermopsin and Saxitoxin) are merged into this updated report that includes
changes produced during the project. EPA’s updated national recreational guidance
values for Microcystins and Cylindrospermopsin have been incorporated into the state
recreational guidance protocols. The project’s scope did not allow for an updated
literature review.

To report animal or human health incidents associated with cyanobacteria exposure,
contact your local health jurisdiction, or waterborne-illness@doh.wa.gov, or call 206-
418-5500. For instructions on sampling a waterbody with a suspected cyanobacteria
bloom, visit https://www.nwtoxicalgae.org/. To request signs for posting, call DOH EPH
at (360) 236-3385.
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Introduction

Cyanobacteria, also known as blue-green algae, are found in numerous Washington
lakes, rivers and ponds. This group of photosynthetic bacteria is capable of producing a
variety of different cyanotoxins, including microcystins and cylindrospermopsin, which
are liver toxins, and anatoxin-a and saxitoxin, which are nerve toxins. Historically, many
animals have become ill or have died after exposure to cyanotoxins in state lakes.

The Washington state legislature funded a Freshwater Algae Control Program in 2005,
due in part to citizens’ concerns about health impacts from exposure to freshwater
cyanobacterial harmful algal blooms (cyanoHABs). Since cyanotoxins were determined
to be a documented public health concern in Washington’s lakes, Washington State
Departments of Health (DOH) and Ecology (ECY) in collaboration with local health
jurisdictions and other stakeholders developed a passive surveillance program to
monitor cyanobacteria blooms. Ecology’s program provides funds to support laboratory
costs for King County Environmental Laboratory (KCEL) to conduct toxicity tests on
samples from state lakes with blooms. When cyanobacteria grow to such an extent that
they color the water, they are said to be blooming. A bloom that is not toxic one day
may become toxic during the same growing season; the only way to know whether a
cyanobacterial bloom is toxic is to test it for the presence of toxins.

During ECY’s program development, stakeholders requested that state guidelines be
developed to help with interpretation of toxicity results. Originally, this program only
tested for microcystins, but KCEL later developed the capacity to test for anatoxin-a,
cylindrospermopsin, and saxitoxin. In the absence of national or international
recreational guidance values for microcystins and anatoxin-a, DOH produced
“provisional” guidance values for both cyanotoxins (DOH 2008). Later, DOH developed
“provisional” recreational guidance for saxitoxin and cylindrospermopsin (DOH 2011).
As part of the effort to provide assistance to local health jurisdictions and lake
managers, DOH also developed a three-tier lake management protocol that
incorporated guidance values as a reference for use by managers, agencies, and local
health jurisdictions (LHJs). ECY’s Freshwater Algae Control Program is ongoing at this
time and includes a small grants program for algal or nutrient management projects.

History of Washington’s Freshwater Algae Control Program

1995 -2004: Citizen action in response to animal deaths in Pierce County lakes.

2005: State legislature funded the Freshwater Algae Control Program, under
ECY.
2006: DOH and ECY held workshops around the state for stakeholder feedback

on program development.
2007: ECY incorporated a Freshwater Algae Grant Program.



2008:
2008:
2010:
2011:
2013:
2019:
2020:

2021:

DOH produced recreational guidance values for microcystins (MCs) and
anatoxin-a (ATX) and Three-Tier Lake Management Protocol.

King County Environmental Lab (KCEL) incorporated methods to test for
MCs and ATX.

KCEL incorporated methods to test for saxitoxin (STX) and
cylindrospermopsin (CYL).

DOH produced recreational guidance values for CYL and STX.

DOH developed veterinary outreach posters and diagnostic cards.

EPA finalized national recreational guidance values for MCs and CYL.
WA adopted EPA’s national recreational guidance values for MCs and
CYL.

DOH incorporated EPA’s MC and CYL guidance values into an updated
Two-Tier Lake Management Protocol. DOH added an Informational Sign
for posting during bloom season or throughout the year.

The following describes Washington’s freshwater toxins, updated recreational
guidelines, and a two-tier lake management protocol designed for lake managers and
LHJs to follow in the event of a toxic occurrence. Recreational guidance values for
anatoxin-a and saxitoxin will be updated when adequate toxicity data are published or
when EPA adopts national recreational guidance values.

Summary of Freshwater Toxins Affecting Public
Health in Washington

DOH identified a list of cyanobacteria genera and species of concern for lakes in
Washington. If the following genera are identified in a water sample from an algal
bloom, we recommend that the sample be tested for toxicity:

Microcystis

Dolichospermum (Anabaena)
Aphanizomenon

Gloeotrichia
Oscillatoria/Planktothrix
Cylindrospermopsis

Lyngbya

Nostoc

In a summary report for the 2008-2009 legislature, ECY identified the top three toxic
cyanobacteria genera in Washington lakes as Dolichospermum, Aphanizomenon, and
Microcystis (Ecology 2009).



Cyanobacterial Toxins and Symptoms

Cyanotoxins are a diverse group of natural toxins that fall into three broad chemical
structure groups (Table 1). These are cyclic peptides (microcystins and nodularin),
alkaloids (anatoxins, saxitoxins, cylindrospermopsin, aplysiatoxins, and lyngbyatoxin),
and lipopolysaccharides (irritants). Guanotoxin (anatoxin-a(s)) is a naturally occurring
organophosphate.

Table 1: World Health Organization (WHO) list of toxic
cyanobacteria (modified from WHO 1999 and Graham et al.
2008).

Toxin Group Primary Target Cyanobacterial
Organ in Genera
Mammals

Cyclic Peptides

Microcystins Liver Microcystis, Dolichospermum
(Anabaena), Planktothrix
(Oscillatoria), Nostoc,
Hapalosiphon, Anabaenopsis,
Aphanizomenon,
Synechococcus, Synechocystis,
Aphanocapsa, Pseudanabaena

Nodularin Liver Nodularia
Alkaloids
Anatoxin-a Nerve synapse Dolichospermum (Anabaena),

Planktothrix (Oscillatoria),
Aphanizomenon, Raphidiopsis

Guanotoxin [anatoxin-a(s)] | Nerve synapse Anabaena

Aplysiatoxins Skin Lyngbya, Schizothrix,
Planktothrix (Oscillatoria)

Cylindrospermopsins Liver Cylindrospermopsis,

Dolichospermum (Anabaena),
Aphanizomemon, Umezakia,

Raphidiopsis
Lyngbyatoxin-a Skin, gastrointestinal Lyngbya, Planktothrix
tract (Oscillatoria)
Saxitoxins Nerve axons Dolichospermum (Anabaena),
Aphanizomenon, Lyngbya,
Cylindrospermopsis,

Planktothrix (Oscillatoria)

Amino Acid (Alkaloid precursor)




BMAA Neurotoxin Cylindrospermopsis,
Dolichospermum (Anabaena),
Aphanizomemon, Planktothrix
(Oscillatoria), Microcystis,
Nodularia, Synechococcus,
Synechocystis

Lipopolysaccharides Potential irritant; affects | All
(LGS) any exposed tissue

Note that some genera, especially Dolichospermum, can produce both neuro- and
hepatotoxins. If a toxic algal bloom contains both types of toxins, signs of neurotoxicity
are usually observed first. Their effects occur sooner (minutes) than effects due to liver
toxins (one to a few hours).

Microcystins

General Information. Microcystins are the most thoroughly investigated
cyanobacterial toxins (Falconer 2004). Over 250 structural variants have been identified,
and microcystin-LR is the variant most commonly found in cyanobacteria (Huisman et al.
2005, Botana 2007, Welker and von Doehren 2006, Bouaicha et al. 2019). Microcystins
have been identified in Dolichospermum, Microcystis, Oscillatoria (Planktothrix), Nostoc
and Anabaenopsis species and from the terrestrial genus Hapalosiphon (WHO 1999).
More than one microcystin may be found in a particular cyanobacteria strain.
Microcystins are cyclic heptapeptides that primarily affect the liver in animals. A lethal
dose of microcystins in vertebrates causes death by liver necrosis within hours or up to a
few days. Microcystins block protein phosphatases 1 and 2A (important molecular
switches in all eukaryotic cells) with an irreversible covalent bond (Bagu et al. 1997).
Liver injury is likely to go unnoticed and results in (external) noticeable symptoms only
when it is severe (WHO 2003). Other studies have shown that microcystin toxicity is
cumulative (Fitzgeorge et al. 1994). Researchers suspect microcystins are liver
carcinogens, which could increase cancer risk to humans following continuous, low level
exposure.

Symptoms. Symptoms of microcystin poisoning may take 30 minutes to 24 hours
to appear, depending upon the size of the animal affected and the amount of toxic
bloom consumed. Gross and histopathologic lesions caused by microcystins are quite
similar among species, although species sensitivity and signs of poisoning can vary
depending on the type of exposure. One of the earliest effects (15-30 min) of
microcystin poisoning is increased serum concentrations of bile acids, alkaline
phosphatase, y-glutamyltransferase, and AST. Microcystin symptoms in mammals and
other animals may include jaundice, shock, abdominal pain/distention, weakness,
nausea/vomiting, severe thirst, rapid/weak pulse, and death. It is likely that the number
of incidents with low-level symptoms such as nausea, vomiting and diarrhea associated
with recreational exposure to cyanobacterial toxins are under reported. Death may




occur following exposure to very high concentrations within a few hours (usually within
4-24 hr) or up to a few days. Death is due to intrahepatic hemorrhage and hypovolemic
shock. In animals that live more than a few hours, hyperkalemia or hypoglycemia, or
both, may lead to death from liver failure within a few days to a few weeks (Merck
Veterinary Manual - https://www.merckvetmanual.com/toxicology/algal-
poisoning/overview-of-algal-poisoning?query=microcystins

According to the Merck Veterinary Manual, surviving animals have a good chance for
recovery because the toxins have a steep dose-response curve. Activated charcoal oral
slurry is likely to benefit exposed animals, even though therapies for cyanobacterial
poisonings have not been investigated in detail. The link states that an ion-exchange
resin such as cholestyramine has proved useful to absorb the toxins from the Gl tract
and that certain bile acid transport blockers such as cyclosporin A, rifampin, and
silymarin injected before dosing of microcystin have been effective in preventing
hepatotoxicity in laboratory studies.

Anatoxin-a

General information. Anatoxin-a is one of three neurotoxic alkaloids that have
been isolated from cyanobacteria (Falconer 2005). It is produced by various species of
cyanobacteria including Dolichospermum, Planktothrix (Oscillatoria), Aphanizomenon,
Cylindrospermum and Microcystis spp. Anatoxin-a was first detected in Canada in the
1960s (Gorham 1964). Between 1961 and 1975, cattle and dog poisonings associated
with Dolichospermum (Anabaena) flos-aquae blooms occurred in six locations in
Canada. Since then reports of anatoxin-a poisoning have been documented many times
around the world (Testai 2021). Most anatoxin-a detections have been in Europe.
Second to Europe, most reports of anatoxin-a have been in North America (Botana
2007). Anatoxin-a also has the potential of high concentrations in floating benthic mats
or macrophytes (WHO 2021, Bouma-Gregson et al. 2018, Foss et al. 2018).

Anatoxin-a is a bicyclic secondary amine. It binds to the nicotinic acetylcholine receptor
at the axon terminal at the neuromuscular interface (Botana 2007, Huisman et al. 2005).
Binding of anatoxin-a is irreversible; the sodium channel is locked open, becomes
overstimulated, fatigued, and eventually paralyzed. In the respiratory system, anatoxin-
a exposure results in a lack of oxygen to the brain, subsequent convulsions and death by
suffocation. Anatoxin-a is about 20 times more potent a nicotinic agonist than
acetylcholine (Botana 2007). A methylene analogue of anatoxin-a called homoanatoxin-
a was isolated from Planktothrix formosa in Norway. Symptoms of homoanatoxin-a are
similar to those observed with anatoxin-a. This analogue has been found recently in
Ireland and Japan (Botana 2007).

Alkaloid toxins are more likely to be present in free water than the cyclic peptide toxins
microcystins and nodularin (WHO 2003). While microcystins appear to be more
common than neurotoxins, neurotoxins have caused severe animal poisonings in North
America, Europe and Australia (WHO 2003). Anatoxin degrades readily to nontoxic
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degradation products in sunlight and at a high PH (Botana 2007). In natural blooms in
eutrophic lakes, anatoxin-a half-life is typically less than 24 hours, while the half-life in
the laboratory was about five days (WHO 1999). The rapid degradation of anatoxin-a
presents problems with determining toxin levels after exposure. According to Botana
(2007), samples should be protected from light and acidified prior to storage at -20°C in
order to limit anatoxin-a degradation.

Symptoms. Neurotoxins are notoriously rapid acting poisons; anatoxin-a was
originally called very fast death factor (VFDF) due to its potency (Botana 2007). Iliness
and death to an animal may occur within a few minutes to a few hours after exposure,
depending on the size of the animal and amount of toxic bloom consumed. An animal
with anatoxin-a toxicosis may exhibit staggering, paralysis, muscle twitching, gasping,
convulsions, backward arching of neck in birds, and death. Livestock that drink large
amounts of contaminated water and pets that collect scum on their fur then ingest it by
licking are at highest risk from anatoxin-a exposure. While anatoxin-a is largely retained
within cells when conditions for growth are favorable, toxins will be liberated in the
gastrointestinal tract if water containing toxic cells is consumed (WHO 1999, Botana
2007). However, ingestion of a sublethal dose of these neurotoxins leaves no chronic
effects and recovery appears to be complete with no ongoing injury (WHO 2003).
Exposure leaves no sign of organ damage and residual toxin is rapidly degraded (Botana
2007).

Cylindrospermopsin

General Information. Cylindrospermopsin is comprised of a tricyclic guanidine
moiety combined with a hydroxymethyl uracil. Production of the toxin is strain-specific
not species-specific (NIEHS 2000). Cylindrospermopsin exhibits a completely different
mechanism of toxicity than the liver toxin microcystin (Hawkins et al. 1985, Griffiths and
Saker 2003, Metcalf et al. 2004). Damage to cells is caused by blocking key protein and
enzyme functions thereby inhibiting protein synthesis. Cylindrospermopsin targets the
liver and kidneys but can also injure the lung, spleen, thymus, and heart as
demonstrated in mouse studies (Terao et al. 1994, Falconer et al. 1999, WHO 1999,
Froscio et al. 2003). Animal toxicity studies also suggest that cylindrospermopsin may be
carcinogenic (Falconer and Humpage 2001, Falconer 2005) and may produce
genotoxicity in a human lymphoblastoid cell line (Humpage et al. 2000). Laboratory
studies have shown that some of the compounds produced by Cylindrospermopsis may
cause cancer and may be genotoxic (Humpage et al. 2000, NIEHS 2000, Shen et al. 2002,
Humpage et al. 2005, EPA 2006a).

Cylindrospermopsin is a naturally produced liver toxin found in certain strains of five
genera: Cylindrospermopsis raciborskii (Australia, Hungary, and the U.S.), Umezakia
natans (Japan), Anabaena bergii and Raphidiopsis curvata (Fastner et al. 2003), and
Aphanizomenon ovalisporum (Australia, Israel) (Banker et al. 2000). It is most commonly
observed in tropical and subtropical waters of Australia (NIEHS 2000). The first report of
animal poisonings attributed to cylindrospermopsin was in drinking water in a farm



pond in Queensland, Australia, where it was responsible for cattle deaths (Saker et al.
1999). Further, Cylindrospermopsis raciborskii was implicated in one of the most
significant cases of human poisoning from exposure to a cyanobacterial toxin in 1979.
The local water supply on Palm Island, northern Queensland, Australia, had been dosed
with copper sulfate to control a dense algal bloom (Byth 1980, Bourke et al. 1983). The
copper sulfate caused cyanobacteria cells to break apart and resulted in the release of
cyanotoxins (Hawkins et al. 1985). The outbreak was called “Palm Island Mystery
Disease” before the cause was identified as cylindrospermopsin. One hundred and forty-
eight people required hospitalization with symptoms that included vomiting, malaise,
headache and constipation, later followed by bloody diarrhea.

Cylindrospermopsis has been increasingly encountered in temperate regions and has
caused blooms as far north as Vienna and northeastern Germany. Several studies have
suggested that the temperate strains of this species are not capable of producing
cylindrospermopsin (Fastner et al. 2003, Yilmaz et al. 2008, Xie et al. 2011. Yilmaz et al.
(2008) found that eight C. raciborskii isolates did not produce cylindrospermopsin, but a
strain of Aphanizomenon ovalisporum from a fish pond in Jacksonville, Florida, was
shown to produce this cyanotoxin. The detection of cylindrospermopsin in other water
bodies in the U.S. [e.g., two lakes in western Washington (Ketchum and Sunday), Lake
Valrico and Little Lake Wilson in West Central Florida (Yilmaz and Philips 2011)]
indicates the presence of unidentified cylindrospermopsin producers.
Cylindrospermopsin has been identified in North America (Canada and U.S.), Europe,
Israel, Brazil, Southeast Asia, Japan, and Australia. (Banker et al. 1997, Chapman and
Schelske 1997, Hamilton et al. 2005, Harada et al. 1994, Molica et al. 2002, Moore et al.
2004, Pham et al. 2011, Saker and Griffiths 2000, Stuken et al. 2006).

C. raciborskii appears to have an optimal growth temperature of 250 C or greater. One
of the more alarming characteristics about Cylindrospermopsis is that some species do
not form scums making them harder to detect and have highest cell concentrations well
below the water surface (Falconer 2005).

Generally, toxins are retained in cyanobacterial cells when conditions are favorable;
however studies have shown that it is not uncommon for 70%-98% of total
cylindrospermopsin produced by cells to be dissolved in the water (Chiswell et al. 1999,
NIEHS 2000). Cylindrospermopsin’s half-life is much longer (18 hours) than microcystin-
LR (10 minutes) under shortwave UV light. In two cases of human toxin poisoning in
Australia, toxic symptoms occurred after application of copper sulfate to dense blooms.
Interestingly, chlorine effectively degrades extracellular microcystins and
cylindrospermopsin between pH 6.0 and 8.0, and saxitoxins at pH values at 9 and higher
(Westrick 2008).

Symptoms. Symptoms of exposure to cylindrospermopsin include nausea,
vomiting, diarrhea, abdominal tenderness, pain, and acute liver failure. Clinical
symptoms after exposure to cylindrospermopsin may not show up immediately but may



occur several days later. Thus it is often difficult to determine a cause—effect
relationship between cylindrospermopsin exposure and symptoms.

The degree of the cyanotoxin impact for cylindrospermopsin and other cyanotoxins is
influenced by animal size, species sensitivity, and individual sensitivity. According to the
Merck Veterinary Manual, animals may need to ingest only a few ounces or up to several
gallons to experience acute or lethal toxicity, depending on bloom densities and toxin
content (Merck Veterinary Manual 2013:
https://www.merckvetmanual.com/toxicology/algal-poisoning/overview-of-algal-

poisoning

After removal from the contaminated water supply, affected animals should be placed in
a protected area out of direct sunlight. The animal should have access to an unrestricted
supply of clean water and good quality feed. Surviving animals have a good chance for
recovery because both hepatotoxins and neurotoxins have a steep dose-response curve.
Although no therapeutic antagonist has been found to be effective against
cylindrospermopsin, activated charcoal oral slurry is likely to benefit exposed animals. The
Merck web link states that an ion-exchange resin such as cholestyramine has proved
useful to absorb the toxins from the gastrointestinal tract.

Saxitoxin

General Information. Saxitoxins are among the most potent natural toxins known
(Araoz et al. 2010). More than 30 different saxitoxin analogues have been identified,
including pure saxitoxin (STX), neosaxitoxin (neoSTX), the gonyautoxins (GTX) and
decarbamoylsaxitoxin (dc-STX) of which STX, NeoSTX, GTX1 and dc-STX seem to be the
most toxic. The term saxitoxin often refers to the entire suite of related neurotoxins
produced by cyanobacteria.

This suite of closely related tetrahydropurines (saxitoxins-STX) is also described as a
group of carbamate alkaloid toxins which are either nonsulfated (STXs), singly sulfated
(gonyautoxins, GTSx), or doubly sulfated (C-toxins) (van Apeldoorn et al. 2007).
Chemically, saxitoxin is stable and readily soluble in water, although it can be inactivated
by treatment with a strong alkali. The half-lives for breakdown of a range of different
saxitoxins in natural water have been shown to vary from 9 to 28 days, and
gonyautoxins may persist in the environment for more than 3 months (Jones and Negri
1997). The toxicological database for STX-group toxins is limited and is comprised
primarily of studies on acute toxicity following intraperitoneal (i.p.) administration. For
monitoring purposes, toxicity equivalency factors (TEFs) have been applied to express
the detected analogues (using HPLC) as STX equivalents (STX-eq). Until better
information is available, the Scientific Panel on Contaminants in the Food Chain (EFSA
2009) proposes the following TEFs based on acute i.p. toxicity in mice: STX =1, NeoSTX =
1,GTX1=1,GTX2=0.4,GTX3=0.6, GTX4=0.7, GTX5=0.1, GTX6=0.1,C2=0.1,C4 =
0.1, dc-STX =1, dc-NeoSTX = 0.4, dc GTX2 = 0.2, GTX3 = 0.4, and 11-hydroxy-STX = 0.3.
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At present, monitoring freshwater systems using STX-eq/L gives us faster information to
manage recreational areas in a timely manner, particularly since blooms are so dynamic.

Saxitoxins have been observed in numerous lakes around the world. Cyanobacteria
genera that are documented as producing saxitoxin include Aphanizomenon sp. (U.S.);
Aphanizomenon gracile, Aphanizomenon issatschenkoi, and Aphanizomenon flos-aqua
(Europe); Dolichospermum (Anabaena) circinalis (Australia); Dolichospermum
(Anabaena) lemmermannii (Denmark); Lyngbya wollei (U.S.); Cylindrospermopsis
(Brazil); and Planktothrix (Italy) (Lagos et al. 1999, Pomati et al. 2000, Castro et al. 2004,
van Apeldoorn et al. 2007). Wood et al. (2006) detected low levels of saxitoxins in 38
different New Zealand water bodies showing that saxitoxins may be more prevalent in
New Zealand than previously assumed.

Low levels of saxitoxin were detected in water samples from a cyanobacterial bloom
(predominantly Dolichospermum (Anabaena) planktonica) in the Waikato River, New
Zealand, in 2003. The bloom caused taste and odor problems in drinking water supplied
to the city of Hamilton and other towns along the river (Kouzminov et al 2007).
Clemente et al. (2010) studied cyanobacterial blooms at the Alagados Reservoir, Brazil,
and found concentrations of 0.00515, 0.04384, and 0.05078 ug SXT-eq/L (see above) in
water during the spring, summer, and autumn, respectively. Rapala et al. (2005) studied
saxitoxin in bloom samples from freshwater sites in Finland in 2002 and 2003. Saxitoxin
(STX) was the only analogue in the samples and was present in concentrations as high as
1,000 pg/L. The dominant species producing the toxin was Dolichospermum (Anabaena)
lemmermannii. In some instances, samples were collected from sites where swimmers
had reported adverse health effects showing symptoms of fever, eye irritation,
abdominal pains, and skin rash. Although no evidence of human intoxication from
drinking water contaminated by saxitoxin has been reported, saxitoxin could represent a
source of concern for acute effects due to their occurrence in freshwaters up to 2,700
ug/L (Batoreu et al. 2005).

Saxitoxins are produced by various cyanobacteria species but are more commonly
produced by dinoflagellates in marine waters causing paralytic shellfish poisoning (PSP).
Exposure to saxitoxin typically comes from eating shellfish contaminated by "red tides"
or algal blooms of Alexandrium catenella (formerly Gonyaulax catenella) or A.
tamarense-excavatum (formerly G. tamarensis). Detection of high concentrations of
saxitoxin in shellfish such as mussels, clams and scallops frequently leads to closures of
commercial and recreational shellfish harvesting, especially in California, Oregon,
Washington, and New England. In freshwater, saxitoxins accumulate in Daphnia magna,
freshwater bivalves including Elliptio camoplanatus, Corbicula fluminea, Alathyria
cygnea, and the Australian mussel species Alyathruia condola (van Apeldoorn et al.
2007).

Symptoms. Saxitoxin is a potent nerve toxin that binds to the sodium channel of
nerve and muscle tissues. This prevents propagation of action potentials in excitable
cells, ultimately causing blockade of depolarization at the neuromuscular junction.



Basically, saxitoxin prevents the passage of sodium ions through the cell membrane
which blocks passage of the nerve impulse. Intoxication with saxitoxin can be a severe,
life-threatening iliness requiring immediate medical care (Kao 1993, Meyer 1953,
Narahashi 1972, Rodrigue et al. 1990, WHO 1999, WHO 2003).

Saxitoxins are toxic by ingestion and by inhalation, with inhalation leading to rapid
respiratory collapse and death. This group of toxins acts on the sodium channels of
nerve cells, preventing normal cellular function and leading to paralysis. Age at exposure
appears to influence susceptibility to saxitoxin in animal studies. Adult rats were about
10 times less sensitive to intraperitoneal exposure than young rats. In addition, impacts
were lower for this route than the oral route of exposure (Wiberg and Stephenson 1960,
Watts et al. 1966). Intoxication with saxitoxin can be a severe, life-threatening iliness
requiring immediate medical care.

Most information on saxitoxin symptoms comes from exposure through consumption of
shellfish. Within minutes of eating toxic shellfish, a person would initially develop
tingling of the lips and tongue. However, it can take up to an hour or two to develop
tingling, depending on the dose and on the individual. Symptoms may progress to
tingling of fingers and toes, followed by numbness and weakness with loss of control of
arms and legs, developing into difficulty in breathing. Some people feel nauseous or
experience a sense of floating after saxitoxin exposure. If a person consumes enough
saxitoxin, muscles of the chest and abdomen become paralyzed, including muscles used
for breathing, and the victim can suffocate. Terminal stages of saxitoxin poisoning can
occur 2-12 hours after exposure, and death from PSP has occurred in less than 30
minutes (https://emergency.cdc.gov/agent/saxitoxin/casedef.asp).

Diagnosis of saxitoxin poisoning is confirmed by detection of toxin in the food, water,
stomach contents, or environmental samples. Artificial respiration should be used to
support breathing. When such support is applied within 12 hours of exposure, recovery
usually is complete, with no lasting side effects (Fleming 2005, Halstead 1988, Kao 1993,
Merck Veterinary Manual 2008). Stomach evacuation by the emergency department can
be conducted if exposure is through ingestion. No antidote against saxitoxin exposure
has been developed for human use.

Cyanotoxin Risk Levels and Standards

DOH offers freshwater recreational guideline values for microcystin, anatoxin-a,
cylindrospermopsin, and saxitoxin (Table 5). This document provides reference links to
EPA’s literature review and recreational guidance development for microcystins and
cylindrospermopsins. Washington has adopted EPA’s recommended recreational
guidance values for microcystins and cylindrospermopsin. For anatoxin-a and saxitoxins,
background information, toxicity reviews, and guideline development for provisional
state recreational guidance values are provided, below. When national recreational



guidance values are developed for anatoxin-a and saxitoxins, DOH recommends their
adoption in place of current provisional guidance.

Microcystins and Cylindrospermopsin

e EPA. Recommended Human Health Recreational Ambient Water Quality Criteria
or Swimming Advisories for Microcystins and Cylindrospermopsin. EPA 822-R-
19-001. May 2019.

e https://www.epa.gov/sites/production/files/2019-05/documents/hh-rec-
criteria-habs-document-2019.pdf

EPA published recommended values for microcystins and cylindrospermopsin under the
Clean Water Act (CWA) section 304(a) for states to consider as the basis for swimming
advisories for notification purposes to protect public health in recreational waters. For
microcystins, the recommended recreational value is 8 ug/L and for cylindrospermopsin,
the recommended recreational value is 15 pg/L.

These values are based on the exposure experienced by recreating children. EPA
recommends that these values not be exceeded on any single day when used as a
swimming advisory to protect swimmers at a beach. DOH has incorporated the two
recreational criteria values into Washington’s Lake Management Protocol (Figure 1).

Anatoxin-a

e (Originally published in July 2008:
https://www.doh.wa.gov/Portals/1/Documents/4400/334-177-recguide.pdf )

e EPA Toxicological Review — Anatoxin-a:
https://cfpub.epa.gov/ncea/risk/recordisplay.cfm?deid=160546

Anatoxin-a is a potent acute neurotoxin. Available data indicate that health concerns
based on chronic toxicity (vs. acute toxicity) of anatoxin-a would not be significant
(WHO 1999). In 1999, WHO concluded that the toxicity database is insufficient for
derivation of a TDI for anatoxin-a. Metcalf and Codd (2004) report that further toxicity
data via oral and lifetime exposure are needed to derive guidance values for remaining
known cyanobacterial toxins, including anatoxin-a. Oral toxicity and lifetime-exposure
studies are ideal to minimize uncertainties and have been determined only for
microcystin-LR and recently for cylindrospermopsin. Because acute effects are the
primary endpoint of concern for recreational exposure to anatoxin-a and data are not
available for derivation of an acute RfD, DOH reviewed other options for use in
recreational guidance and has recommended the most protective approach until an
acute RfD is available to calculate an anatoxin-a guidance value.

A 2006 EPA DRAFT toxicological review of anatoxin-a concluded that available oral
toxicity information is inadequate to support derivation of oral RfD values for acute and



chronic exposure durations to anatoxin-a. The anatoxin-a database is limited in number
and quality of studies on effects following oral exposure to sublethal levels. However,
neurotoxicity and death were observed in acute, short-term, and subchronic oral animal
studies (EPA 2006b). The authors conclude in their draft report that available data are
insufficient to derive acute and chronic oral RfDs.

Based on the above data, EPA (2006b) was able to derive a DRAFT short-term RfD of 3 X
10-3mg/kg-day by dividing the no observed adverse effect level (NOAEL) by an
uncertainty factor of 1000 (10 for interspecies extrapolation, 10 for interindividual
variability, and 10 for database deficiencies). The NOAEL of 2.5 mg/kg-day was based on
a systemic toxicity study in mice exposed to anatoxin-a for 28 days (Fawell and James
1994, Fawell et al. 1999). Using the equation:

Guidance value (mg/L) = Short-term RfD X BW, where
IR

Short-term RfD = 0.003 mg /kg-day
BW = 15 kg child
IR =0.05 L/h, assuming 2 h/d,

the resulting short-term recreational guidance value would be 0.45 mg/L (450 pg/L).

Additionally, EPA (2006b) derived a DRAFT subchronic RfD of 5 X 10-4 mg/kg-day by
dividing the NOAEL by an uncertainty factor of 1000 (10 for interspecies extrapolation,
10 for interindividual variability, and 10 for database deficiencies). The NOAEL of 0.5
mg/kg-day was based on systemic toxicity in rats exposed to anatoxin-a for seven weeks
(Astrachan and Archer 1981 in EPA 2006b, Astrachan et al. 1980). A short-term
recreational guidance value was calculated as follows:

Guidance value (mg/L) = Subchronic RfD X BW, where
IR

Subchronic RfD = 0.0005 mg /kg-day
BW = 15 kg child
IR =0.05 L/h, assuming 2 h/d.

The resulting subchronic recreational guidance value using the subchronic RfD would be
0.075 mg/L (75 pg/L).

As stated previously, neither guidance value calculated above is based on acute toxicity
data. The endpoint of concern for anatoxin-a is the acute endpoint (frank effects or
death). Acute toxicity data for anatoxin-a are limited to results of lethality assays in
mice, with neurotoxicity identified as the cause of death and with a single dose LDso



value of 13.3 mg anatoxin-a/kg (Fitzgeorge et al., 1994, Stevens and Krieger 1991).
Fawell et al. (1999) conducted studies to assess the risk of effects on man of ingestion of
anatoxin-a at low levels over longer periods. Their study used in vivo and in vitro
experiments to investigate subacute toxicity, teratogenicity, and pharmacology of
anatoxin-a in the mouse. Repeated sublethal oral administration over 28 days did not
produce any reliable evidence of treatment-related toxicity and the authors conclude
that anatoxin-a does not appear to be a developmental toxicant in mice. In their
conclusions, the authors indicate that a guideline value for anatoxin-a in drinking water
of 1ug/L would provide an adequate margin of safety of about three orders of
magnitude (Fawell et al. 1999).

In summary, DOH recommends the use of 1 ug/L to provide an adequate margin of
safety of about three orders of magnitude, based on Fawell et al. (1999). This
recommendation is a protective approach for use in the absence of an acute anatoxin-a
RfD and was accepted by DOH’s Scientific Advisory Committee. The recommendation of
1 ug/L will be updated when an acute RfD for anatoxin-a is available to calculate a
guidance value.

Saxitoxins

e (Originally published in October 2011:
https://www.doh.wa.gov/portals/1/documents/4400/332-118-
cylindrosax%20report.pdf )

DOH considered several options on which to base a recreational guidance value
(provisional) for saxitoxin in Washington. Options 1 and 2 differ in the assumed acute
reference dose used in each calculation. Option 3 is based on direct human exposure
data, and Option 4 is calculated using Europe’s and U.S.’s shellfish tissue regulatory
maximum tolerable value for saxitoxin. DOH recommends adoption of Option 1, as
described below.

The first option uses an acute reference dose (acute RfD) developed by the European
Food Safety Association (EFSA) based on acute toxicity of STX-equivalent intoxications in
humans (>500 individuals) (EFSA 2009). The resulting guidance value is calculated as
follows:

Guidance value (pg/L) = Acute RfD x BW, where:
IR

Acute RfD = 0.5 pg STX-eq/kg-day
BW = 15 kg child
IR =0.05 L/h, assuming 2 h/d.



The (provisional) recreational guidance value using EFSA’s acute RfD is 75 pg/L. This
freshwater guidance value accounts for daily swimming and incidental ingestion. For
comparison purposes with Australia’s drinking water guidance value (3 pg STX-eq./L), a
child’s drinking water guidance value using the above assumed weight and acute RfD
but assuming an IR of 1 L (instead of the recreational assumption of 0.05 L/h for 2 h/d)
would be 7.5 pg/L and an adult drinking water guidance value would be 3.7 pg/L
(assuming IR =2 L).

The acute reference dose used in the above equation was developed by a Panel on
Contaminants in the Food Chain (CONTAM Panel) to answer questions about marine
biotoxins in shellfish in Europe (EFSA 2009). No data on the chronic effects of STX-group
toxins in animals or humans were available, so the CONTAM Panel could not establish a
tolerable daily intake (TDI). In view of the acute toxicity of STX-group toxins, the
CONTAM Panel decided to establish an acute reference dose (ARfD). The Panel
determined that a lowest observable adverse effect level (LOAEL) in the region of 1.5 pg
STX equivalents/kg BW could be established; however, many individuals in the data set
(>500 individuals) did not suffer adverse reactions at higher intakes. Thus, the CONTAM
Panel concluded that the LOAEL is close to the threshold for effects in sensitive
individuals and determined that a factor of 3 was sufficient to estimate a NOAEL of 0.5
ug STX equivalents/kg BW. The Panel did not use an additional factor for variation
among humans since the data included a large number of affected consumers, including
sensitive individuals. This limit was developed to account for acute exposure to saxitoxin
through consumption of shellfish meat.

A similar process was used by a Joint FAO/IOC/WHO ad hoc Expert Consultation on
Biotoxins in Bivalve Molluscs to determine a provisional LOAEL of 2.0 pg//kg BWSTX
equivalents (Report of the Joint FAO/IOC/WHO02004). The Expert Consultation
established a provisional acute reference dose of 0.7 ug STX equivalents/kg BW, based
on the LOAEL of 2 ug STX equivalents/kg BW (humans) and a safety factor of 3. The
Expert Consultation used a safety factor of 3 “because documentation of human cases
includes a wide spectrum of people (occupation, age, and sex) and mild illness is readily
reversible.”

A guidance value based on the ad hoc Expert Consultation’s acute reference dose is
calculated as follows:

Guidance value (pg/L) = Acute RfD X BW,
IR

where:

Acute RfD= 0.7 pg STX-eq/kg-day
BW = 15 kg child
IR =0.05 L/h, assuming 2 h/d.



The resulting (provisional) recreational guidance value (protective of a child) using the
Expert Consultation’s recommended acute RfD would be 105 pg/L, Option 2. For
comparison with drinking water guidance from other countries, a drinking water
guidance value calculated using an acute RfD of 0.7 ug STX-eq/kg-day for a 15 kg child
who ingests 1 L would be 10.5 pg/L.

A different process was used by South Australian authorities to calculate a drinking
water guidance value for saxitoxins (Option 3). They recognized that guidance for
freshwater cyanobacteria related to drinking water needs to consider acute health
effects and, in the case of saxitoxin, used food data to determine a guideline value for
the drinking water pathway. Based on human exposure data, Fitzgerald et al. (1999)
chose a dose of 124 g saxitoxin as the LOAEL. For an average daily water consumption
of 2 L for an adult and assuming 60 kg for the case weight and 70 kg for the average
Australian adult body weight (with the proportion ascribed to water = 0.5 % and using
an uncertainty factor of 10):

Health alert = (124 pg/60 kg X 70 kg X 0.5)/ (10 X 2L) pg/L = 3.6 pg/L, rounded down to 3
ue/L.

The South Australian health alert value of 3 pug STX-eq/L of drinking water was
calculated for acute exposure associated with occurrence of intermittent blooms of
cyanobacteria (Fitzgerald et al.1999). The health alert value of 3 ug STX-eq/L of drinking
water would require cell densities exceeding 20,000 cells/mL (Dolichospermum
(Anabaena) circinalis) based on Australian monitoring data. Water associated with cell
densities of this magnitude would normally smell and taste bad, with the threshold for
off tastes in water being 1,000-2,000 cells/mL.

South Australia’s resulting health alert value for drinking water (3 pug STX-eq/L) is much
lower than the recreational values calculated above due to the higher amount of water
ingested for the drinking water exposure assumption. When a higher amount of
ingested water is assumed along with other assumptions for the first two options,
values in the same range result. (Option 1 using an acute RfD of 0.5 ug STX-eq/kg-day =
7.5 pg/L —child ingesting 1 L and 3.7 pg/L —adult drinking 2 L) (Option 2 using an acute
RfD = 0.7 ug STX-eq/kg-day=10.5 pg/L —child drinking 1 L and 5.3 pg/L —adult drinking
2L).

A fourth way to determine a freshwater recreational guidance value for saxitoxin is to
use equivalents based on the maximum tolerable value in shellfish tissue. The U.S.
regulatory limit for saxitoxin equivalents is based on mouse bioassays conducted in the
1930s, resulting in 80 pg STX-eq/100 g shellfish meat which is equivalent to 0.8 ppm
(800 pg STX-eq/kg in Europe, or 0.8mg/kg= 0.8mg/L, or 800 ug STX-eq /L). This value is
much higher than the three other potential guidance values above. While 80 pg STX-



eq/100g shellfish meat has proven to be protective via the ingestion route, it is not
known whether the equivalent concentration of 800 ug/L for recreational ingestion

would be protective of human health.

Table 2: Four options considered for use as saxitoxin
recreational guidance values.

Resulting Saxitoxin

Option Basis Guidance Value Reference

1 Acute RfD, based on STX- 75 ug/L EFSA 2009
eq intoxications in >500
humans

2 Acute RfD of STX-eq, 105 pg/L Report of the Joint
based on LOAEL of 2 ug FAO/I0C/WHO 2004
STX eg/kg BW and safety
factor of 3

3 South Australian drinking 3 ug/L Fitzgerald et al. 1999
water guidance value,
based on LOAEL of 124
ug STX-eq, calculated for
acute exposure

4 Equivalents based on 800 pg/L https://www.thefre

Maximum Tolerable
Value in shellfish

elibrary.com/The+or
igin+of+the+regulat
ory+limits+for+PSP+
and+ASP+toxins+in...
-a0130777682

DOH recommends Option 1 as a recreational guidance value primarily because it is the
most protective (lower) of the four options that were calculated for the recreational
scenario (not calculated for drinking water as in Option 3) (Table 4). Options 1 and 2 use
similar calculations but different acute RfDs based on human intoxication data. While
Option 3 resulted in a lower recreational guidance value, it was calculated for a drinking
water exposure scenario and is therefore not recommended for our use. Option 4 is not
recommended since it is unknown whether the resulting guidance value is protective of
those exposed through aquatic recreational activities.

Washington Lakes: Two-Tiered Approach to
Managing Lakes with Cyanobacterial Blooms

The following updated framework for managing toxic or potentially toxic cyanobacterial
blooms uses a two-tiered approach. Previously the state framework used a three-tiered
approach but the framework was revised in 2021 as a result of stakeholder input based




on posting experience in the decade after the original approach was implemented. The
two-tiered framework applies the recreational guidance values adopted by EPA for
microcystins (8 ug/L) and cylindrospermopsins (15 ug/L) and recreational guidance
values derived above for anatoxin-a (1 pug/L) and saxitoxins (75 pg/L). This framework is
recommended for managing Washington lakes (Figure 1). DOH recommends that the
state adopt EPA recreational guidance values in the future for anatoxin-a and saxitoxins
after they are developed, reviewed and adopted by EPA.

A unique feature of the Washington approach to cyanobacterial blooms in lakes is that
bloom samples from most water bodies are eligible for toxicity testing. DOH and Ecology
have incorporated outreach and educational efforts to encourage local health
jurisdictions (LHJs), other agencies, lake residents, and the general public to notify
Ecology or LHJ when a potential bloom is observed. The reported incidence of blooms
may be associated more with the circumstance of observation than any other single
factor.

Observers should look for developing blooms and surface accumulations which can
occur in any nutrient-rich water such as lakes, ponds, or river embayments. Although
conditions needed for a bloom to form or produce toxin are complex and uncertain,
elevated nutrients such as nitrogen and phosphorous, pH 6-9, and favorable
temperatures support cyanobacteria growth. Weather conditions can influence the area
of biomass accumulation. For example, intense rain or heavy wind conditions mix water
so that surface accumulations may not be evident. Also, a steady, light wind may push
cyanobacteria toward a given shore and cause biomass accumulations. Because scum
formations and blooms are extremely transitory in nature and highly influenced by wind
patterns, it is challenging to quantify toxin levels from one or two samples unless a scum
covers the entire lake.

Upon notification of a potential bloom, the LHJ or other agency staff (or lake resident)
will obtain a sample number from Ecology via the nwtoxicalgae.org website, sample the
water body experiencing the bloom, then send the sample to the laboratory for toxicity
tests. Sampling and shipping directions are available from Washington State Toxic Algae
freshwater algae bloom monitoring program:
https://www.nwtoxicalgae.org/ReportBloom.aspx

King County Environmental Lab (KCEL) is under contract with Ecology to test for
microcystins, anatoxin-a, cylindrospermopsin, and saxitoxin. Results of toxicity analyses
are incorporated into the toxic algae database and accessible via the link, above.


https://www.nwtoxicalgae.org/ReportBloom.aspx

Figure 1: Two-tiered approach to managing Washington water
bodies with cyanobacterial blooms.
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Tier |

A sample of a visible cyanobacteria bloom or scum is sent for phytoplankton
examination and toxicity testing. Results are sent to the appropriate LHJ, to the agency
that sent in the sample, and posted to Washington State Toxic Algae website and
Ecology’s list serve. In Washington, local jurisdictions have the authority to post
advisories on water bodies within their districts (RCW 70.05.070).

If the bloom dissipates, no action is needed. If the bloom remains but microcystin levels
are below 8 pg/L, anatoxin-a levels are below 1 pg/L, cylindrospermopsin levels are
below 15 pg/L, and/or saxitoxin levels are below 75 pg/L, continue with weekly sampling
until the bloom dissipates (sampling every two weeks is an option at KCEL’s suggestion
in order to lower the number of samples per season).

If microcystin levels are 8 pg/L or higher, anatoxin-a levels are 1 ug/L or higher,
cylindrospermopsin levels are 15 pg/L or higher, and/or saxitoxin levels are 75 pg/L or
higher, move to Tier I: the LHJ should post a WARNING sign (Figures 1, Al). The lake
should be sampled weekly with the WARNING sign posted as long as microcystin
concentrations are 8 pg/L or higher, anatoxin-a levels are 1 ug/L or higher,
cylindrospermopsin levels are 15 pg/L or higher, and/or saxitoxin levels are 75 pg/L or
higher. DOH recommends that LHJs sample two consecutive weeks with levels below
recreational guidance values before retracting an advisory and removing the WARNING
sign.

Given the tremendous spatial and temporal variability in toxin concentrations, LHJs are
encouraged to factor in the spatial extent of the bloom when deciding if a warning level
or closed level advisory is warranted. As long as people comply with the WARNING
advisory and avoid areas with a moderate or heavier density of cyanobacteria, they
should not be subject to any ill effects from cyanotoxins.

Toxin levels may be at their highest during bloom die-offs even though the water looks
“normal.” Another consideration is that toxin levels may be significantly lower due to
temporary changes in weather conditions rather than changes in the cyanobacteria
population. Heavy wind and/or intense rainfall can redistribute cyanobacteria
throughout the lake and throughout the water column with little change in the total
number of cyanobacteria cells. This makes it difficult to assess whether a bloom is
declining or not. Therefore, DOH recommends that LHJs do not lift advisories unless
they check the lake under weather conditions that are conducive with biomass
accumulation (relatively calm or a light steady wind and little or no rainfall).

At this point, the LHJ might want to take additional steps in communicating risk,
depending on severity of the bloom and historical use of the lake (i.e., a highly used
access point such as a dog park might warrant greater outreach efforts as compared
with a lake not known for any recreational activity). Time of year is another factor to
consider since there is usually much less human recreational activity in Washington



lakes in the winter due to lower temperatures. One possible risk communication tool is
a press release by the LHJ. Another would be to notify local veterinarians and fish and
wildlife officials so that they may issue information regarding the bloom. In certain
situations, some LHJs have mailed notifications to local lakefront residents after
confirmation of cyanobacterial toxicity. Other possible measures used to reach lakefront
residents include radio messages or the internet via a list serve or “blast” email.

If a lake has a history of high toxicity, if toxin concentrations are extremely high (> 2,000
ug/L microcystins or > 300 pg/L anatoxin-a) or if pet illnesses/death or human
symptoms are reported, move to Tier Il. Implementation of Tier Il is based on judgment
of the LHJ and local knowledge of the water body.

Tier Il

Under certain circumstances, a LHJ may wish to close a lake with unusually high
microcystin, anatoxin-a, cylindrospermopsin, or saxitoxin concentrations. At the
discretion of the LHJ, a water body can be posted as DANGER —Closed (Figures 1, A2).
Examples include:

e Very dense blooms covering an entire lake
e Confirmed pet illnesses or death
e Reported human illness

The LHJ should post a press release to notify the general public of a lake closure. Also,
LHJs should follow whatever additional methods of outreach that will best inform public
beach users and lake front residents of the risks from cyanotoxins and how to avoid
these risks.

Retraction of a lake closure is also at the discretion of the LHJ. DOH recommends
posting a WARNING sign and following Tier | recommendations after retracting a lake
closure until microcystin levels are less than 8 ug/L, anatoxin-a levels are less than 1
ug/L, cylindrospermopsin levels are less than 15 pg/L, and/or saxitoxin levels are less
than 75 ug/L (Figure 1).

King County Environmental Lab results for microcystin, anatoxin-a, cylindrospermopsin,
and saxitoxin will be added to the Washington State Toxic Algae database. For Tier | and
Tier Il, actions taken by the LHJ such as posting or closing a lake will be published on the
website and posted on Ecology’s list serve.

Risk Perspective

Recognizing that local health jurisdictions may not have sufficient funds to enable the
level of effort described in these guidelines, DOH would like to provide some
perspective on the relative public health importance of cyanobacteria monitoring
activities. However, it is beyond the scope of this document to compare or rank a



relative risk of environmental contaminant exposures such as cyanotoxins, PCBs, lead,
or mercury. We do know that exposure to cyanobacterial toxins may cause symptoms
ranging from skin irritation to gastrointestinal upset to neurological problems to death.
In the recent past, toxic blooms in Washington lakes have led to the death of small and
large animals. DOH is concerned about potential impacts on humans and pets after
short-term exposure to the nerve toxins and on impacts to humans and pets from long-
term exposure to the liver toxins.

While potential impacts to public health from cyanotoxins are high, associated costs for
sampling and toxicity tests are low. Ecology has provided financial assistance to cover
the expense of microcystin, anatoxin-a, cylindrospermopsin, and saxitoxin toxicity
testing through the Freshwater Algae Control Program. In summary, LHJ costs would
include staff time to sample a potential toxic bloom and cost of mailing sample kits to
the laboratory.

Future Threats, Needs and Recommendations

A new threat from freshwater HABs in Washington is the contamination of reservoirs
and lakes where surface water is used by residents for drinking water. In 2014, a 500-
household lake community withdrew untreated drinking water during a period when
anatoxin-a concentrations were low but still above state recreational guidelines.
Previously, the drinking water source for Friday Harbor, an island town, had a toxic
bloom that resulted in the need to ship in water for the community. Future efforts
should focus on lakes used as drinking water sources and on coordination with
managers of surface water systems that may develop toxic blooms.

Impacts of climate change on cyanobacteria need to be taken into consideration when
sampling blooms to determine trends over time (i.e., annual variability), duration of
blooms, and bloom size (i.e., spatial coverage). Warm temperatures and high nutrient
concentrations promote cyanobacteria growth. If long-term climate projections for the
Pacific Northwest are correct, rain events will increase, which may influence nutrient
runoff from impervious surfaces, particularly as land is developed and regional
populations increase. Long-term warming trends would also promote cyanobacteria
(Plaas and Paerl 2021).

Another under-researched topic is the combined toxicity of blooms in lakes with more
than one type of toxin. Further, as MC variants become easier to identify and quantify,
toxicologists will need to determine actual toxicity of a water sample with MCs instead
of assuming all variants are of equal toxicity to MC-LR, the current method.

In the future, our state will adopt national recreational guidance values for anatoxin-a
and saxitoxin after each is developed by EPA. Collaboration with CDC on the OHHABS
reporting system starting in 2021 will improve tracking animal and human health illness
events at the state and national levels. Two additional areas of focus are incorporation



of risk guidance for animal exposures to cyanotoxins and evaluation of cyanotoxin
aerosol risk to humans.

Recommendations for future work include ongoing collaborative work investigating the
link of freshwater toxins with marine bivalve bioaccumulation of MCs. Further
investigation of HAB genetics may help explain why some blooms are toxic and others
are not. Pilot projects by LHJs using drones to determine effectiveness in assessing
spatial and temporal extent of blooms have been proposed, and incorporation of EPA’s
CyAN application based on satellite imagery may provide early warning and evaluation
of blooms in in state waterbodies.

Outreach efforts on freshwater HABs have met some needs but other educational needs
remain. Attention and funding for outreach work is a continued necessity. Outreach to
veterinary clinics regarding differential diagnoses and distribution of posters for pet
owner education has been effective in the state; annual outreach to the public and to
hunters owning dogs should continue. However, a major outreach and education gap in
the state is for physicians who treat those exposed to toxic blooms. More recently, DOH
has included outreach to drinking water operators about available toxicity tests, bloom
identification, and options for treatment when blooms occur, and funding mechanisms
for emergency cyanobacteria illness response in the case of drinking water
contamination should be investigated. Finally, periodic webinars regarding blooms,
toxicity testing, lake postings, and iliness investigations are advised to ensure all areas of
the state are aware of the program and knowledgeable about state-level technical
support.

Summary

DOH offers freshwater recreational guideline values for microcystin, anatoxin-a,
cylindrospermopsin, and saxitoxin (Table 5). In this report, DOH incorporated EPA’s
recommended freshwater recreational guidance values for microcystins and
cylindrospermopsins into the state’s Lake Management Protocol. Until EPA adopts
national recreational guidance values for anatoxin-a and saxitoxin, provisional guidance
values for both cyanotoxins were developed as described in this document and
recommended for the state’s Lake Management Protocol.

Table 3: Washington State recreational guidance for freshwater
cyanotoxins.

Toxin Recreational Guidance Value
Microcystins 8 ug/L
Anatoxin-a 1 pg/L
Cylindrospermopsin 15 pg/L
Saxitoxin 75 ug/L




DOH recommends s a recreational guidance value of 8 ug/L microcystins, based on
EPA’s recommended human health recreational ambient water quality criteria or
swimming advisory for microcystins (EPA 2019). This recommended recreational
guidance value is used in a two-tiered framework for LHJs or the appropriate local
agency to follow in the event of a toxic bloom.

DOH recommends an interim (provisional) recreational guidance value of 1 pg/L
anatoxin-a. This recommendation provides an adequate margin of safety of about three
orders of magnitude and is based on a systemic toxicity study in mice exposed to
anatoxin-a for 28 days (Fawell et al. 1999). When EPA adopts a human health
recreational ambient water quality criteria or swimming advisory for anatoxin-a or when
an acute RfD becomes available, DOH will reassess this interim anatoxin-a guidance
value. The (provisional) recreational guidance value of 1 pg/L anatoxin-a is also used in a
two-tiered lake management framework.

DOH recommends s a recreational guidance value of 15 pg/L cylindrospermopsin, based
on EPA’s recommended human health recreational ambient water quality criteria or
swimming advisory for cylindrospermopsin (EPA 2019). This recommended recreational
guidance value is used in a two-tiered framework for LHJs or the appropriate local
agency to follow in the event of a toxic bloom.

DOH recommends a provisional recreational guidance value of 75 pg/L saxitoxin. This
recommendation uses an acute reference dose (acute RfD) developed by the European
Food Safety Association (EFSA 2009) based on acute toxicity of STX-equivalent
intoxications in humans (>500 individuals). The (provisional) recreational guidance value
of 75 pg/L saxitoxin is incorporated into a two-tiered lake management framework.

When a cyanobacterial bloom is developing or a bloom or scum is observed, LHJs may
sample the waterbody and wait for results from the King County Environmental Lab. If
microcystin levels remain below 8 pg/L, anatoxin-a levels remain below 1 pg/L,
cylindrospermopsin levels remain below 15 pg/L and/or saxitoxin levels remain below
75 pg/L, no action is taken.

If cyanotoxin levels are above those shown in Table 5, the LHJ posts WARNING signs
until levels fall below guidance values for at least two consecutive weeks (Tier I). LHJs
may conduct additional outreach efforts as needed. Under rare circumstances, a LHJ
may need to post DANGER signs (Lake Closed) when toxin results > 2,000 pg/L
microcystins or 300 ug/L anatoxin-a or at the LHJ’s discretion. DANGER signs revert to
WARNING signs at the LH)’s discretion or when toxin results are less than 2,000 pg/L
microcystins or 300 ug/L anatoxin-a, and weekly sampling is continued.

Ecology and DOH personnel are available to discuss results of lake testing and consult
with LHJs during their decision-making process. Ecology and King County Department of



Natural Resources will update and maintain lake toxicity data on the Washington State
Toxic Algae Freshwater Algae Bloom Monitoring Program website
(https://www.nwtoxicalgae.org/) and Ecology’s list serve. Finally, each agency has
additional information on freshwater algae and toxicity issues available on each website
as a public education and risk communication resource.



References

Araoz, R., ). Molgo, N.T. de Marsac. 2010. Neurotoxic cyanobacterial toxins. Toxicon.
56:813-828.

Astrachan, N.B., B.G. Archer, and D.R. Hilbelink. 1980. Evaluation of the subacute
toxicity and teratogenicity of anatoxin-a. Toxicon. 18(5-6):684-688.

Astrachan, NB and B.G. Archer. 1981. Simplified monitoring of anatoxin-a by reverse-
phase high performance liquid chromatography and the sub-acute effects of anatoxin-a
in rats. In: The Water Environment: Algal Toxins and Health, W.W. Carmichael, Ed.
Plenum Press, New York, NY. p. 437-446.

Bagu, J, B. Sykes, M. Craig, and C. Holmes. 1997. A molecular basis for different
interactions of marine toxins with protein phosphatase-1: molecular models for bound
motuporin, microcystins, okadaic acid, and calyculin a. Journal of Biological Chem.
272(8):5087-5097.

Banker, R., S. Carmeli, O.Hadas, B. Teltsch, R. Porat, and A. Sukenik. 1997. Identification
of cylindrospermopsin in Aphanizomenon ovalisporum (Cyanophyceae) isolated from
Lake Kinneret, Israel. J. Phycol. 33:613-616.

Banker, R., B. Teltsch, A. Sukenik, and S. Carmeli. 2000. 7-Epicylindrospermopsin, a toxic
minor metabolite of the cyanobacterium Aphanizomenon ovalisporum from lake
Kinneret, Israel. Journal of Natural Products. 63(3):387-9.

Batoreu, M.C.C,, E. Dias, P. Pereira, and S. Franca. 2005. Risk of human exposure to
paralytic toxins of algal origin. Environ. Toxicol. Pharmacol. 19:401-406.

Botana, L. 2007. Phycotoxins. Chemistry and Biochemistry. Blackwell Publishing. ISBN-
13: 978-0-8138-2700-1. 345 pp.

Boualflicha, N., C. Miles, D. Beach, Z. Labidi, A. Djabri, N. Benayache, and T. Nguyen-
Quang. 2019. Structural diversity, characterization, and toxicology of microcystins.
Toxins. 11(12):714, https://doi.org/10.3390/toxins11120714.

Bouma-Gregson, K, R.M. Kudela, M.E. Power. 2018. Widespread anatoxin-a detection in
benthic cyanobacterial mats throughout a river network. PlosOne.
https://doi.org/10.1371/journal.pone.0197669

Bourke, A.T.C., R.B. Hawes, A. Neilson, N.D. Stallman. 1983. An outbreak of hepato-
enteritis (the Palm Island mystery disease) possibly caused by algal intoxication. Toxicon.
3:45-48.


https://doi.org/10.3390/toxins11120714
https://doi.org/10.1371/journal.pone.0197669

Byth, S. 1980. Palm Island mystery disease. Medical Journal of Australia. 2:40-42.

Carey, C., J. Haney, and K. Cottingham. 2007. First Report of microcystin-LR in the
cyanobacterium Gloeotrichia echinulata. Environmental Toxicology. Wiley InterScience
(www.interscience.wiley.com). DOI 10.1002/tox.20245.

Castro, D., D. Vera, N. Lagos, C. Garcia, and M. Vasquez. 2004. The effect of temperature
on growth and production of paralytic shellfish poisoning toxins by the cyanobacterium
Cylindrospermopsis raciborskii C10. Toxicon. 44(5):483-489.

Chapman, A.D. and C.L. Schelske. 1997. Note: Recent appearance of Cylindrospermopsis
(Cyanobacteria) in five hypereutrophic Florida lakes. Journal of Phycology. 33(2): 191-
195

Chiswell, R.K., G.R. Shaw, G. Eaglesham, M.J. Smith, R.L. Norris, A.A. Seawright, and
M.R.Moore. 1999. Stability of cylindrospermopsin, the toxin from the cyanobacterium,
Cylindrospermopsis raciborskii: effect of pH, temperature, and sunlight on
decomposition. Environmental Toxicology. 14: 155-161.

Clemente, Z., R.H. Busato, C.A. Oliveira Riverio, M.M. Cestari, W.A. Ramsdorf, V.F.
Magalhaes, A.C. Wosiack, and H.C. Silva de Assis. 2010. Analyses of paralytic shellfish
toxins and biomarkers in a southern Brazilian reservoir. Toxicon. 55(2-3):396-406.

Costa, I.A.S, S.M.F.O. Azevedo, P.A.C. Senna, R.R. Bernardo, S.M. Costa, and N.T.
Chellappa. 2006. Occurrence of toxin-producing cyanobacteria blooms in a Brazilian
semiarid reservoir. Braz. J. Biol. 66(1B):211-219.

Department of Ecology. 2007. Freshwater Algae Control Program: Report to the
Washington State Legislature (2006-2007). Ecology publication 07-10-093.

DOH. 2008. Washington State Recreational Guidance for Microcystins (Provisional) and
Anatoxin-a (Interim/Provisional). Final Report. Olympia, WA 19 pp.

European Food Safety Authority (EFSA). 2009. Scientific Opinion on the Panel on
Contaminants in the Food Chain on a request from the European Commission on Marine
Biotoxins in Shellfish —Saxitoxin Group. The EFSA Journal. 1019, 1-76.

Falconer, I.R. S.J. Hardy, A.R. Humpage, S.M. Froscio, G.J. Tozer, and P.R. Hawkins. 1999.
Hepatic and renal toxicity of the blue-green algae (cyanobacterium): Cylindrospermopsis
raciborskii in male Swiss albino mice. Environmental Toxicology. 14(1): 143-150.



Falconer I.R. and A.R. Humpage. 2001. Preliminary evidence for in vivo tumour initiation
by oral administration of extracts of the blue—green alga Cylindrospermopsis raciborskii
containing the toxin cylindrospermopsin. Environmental Toxicology. 16(2):192-5.

Falconer, I.R. 2005. Cyanobacterial toxins of drinking water supplies:
cylindrospermopsins and microcystins. Boca Raton: CRC Press.

Fastner, J., R. Heinze, A.R. Humpage, U. Mischke, G. Eaglesham, and I|. Chorus. 2003.
Cylindrospermopsin occurrence in two German lakes and preliminary assessment of
toxicity and toxin production of Cylindrospermopsis raciborskii (Cyanobacteria) isolates.
Toxicon. 42(3):313-21.

Fawell, J.F. and H.A. James. 1994. Toxins from blue-green algae: Toxicological
assessment of anatoxin-a and a method for its determination in reservoir water. FWR
Report No. FR0492/DoE372.

Fawell, J.K., R.E. Mitchell, R.E. Hill, and D.J. Everett. 1999. The toxicity of cyanobacterial
toxins in the mouse: Il Anatoxin-a. Hum. Exp. Toxicol. 18(3):168-173. .

Fitzgeorge, R., S. Clark, C. Keevil. 1994. Routes of intoxication. In: Codd, G.A., Jefferies,
T.M., Keevil, C.W., Potter P., eds. Detection methods for cyanobacterial toxins.
Cambridge, Royal Society of Chemistry. Pp. 69-74

Fitzgerald, D.J., D.A. Cunliffe, and M.D. Burch. 1999. Development of health alerts for
cyanobacteria and related toxins in drinking water in South Australia. Environ. Toxicol.
Wat. Qual.14:203-209.

Fleming, L.E. 2005. Paralytic Shellfish Poisoning. NIEGS Marine and Freshwater
Biomedical Sciences. http://www.whoi.edu/science/B/redtide/illness/psp.html

Foss AJ, J Butt, and MT Aubel. 2018. Benthic periphyton from Pennsylvania, USA is a
source for both hepatotoxins (microcystins/nodularin) and neurotoxins (anatoxin-
a/homoanatoxin-a). Toxicon. 150:13-16.

Froscio, S.M., A.R. Humpage, P.C. Burcham, and I.R. Falconer. 2003.
Cylindrospermopsin-induced protein synthesis inhibition and its dissociation from acute
toxicity in mouse hepatocytes. Environmental Toxicology.18(4):243-51.

Gorham, P.R. (1964). Toxic algae. In: D. F. Jackson (ed.) Algae and Man. Plenum Press:
New York, pp. 307-336. 434 pp.

Graham, J.L., K.A. Loftin, A.C. Ziegler, and M.T. Meyer. 2008. Guidelines for Design and
Sampling for Cyanobacterial Toxin and Taste-and-Odor Studies in Lakes and Reservoirs.


http://www.whoi.edu/science/B/redtide/illness/psp.html

Scientific Investigations Report 2008—-5038. U.S. Department of the Interior U.S.
Geological Survey.

Griffiths, D.J. and M.L. Saker. 2003. The Palm Island mystery disease 20 years on: a
review of research on the cyanotoxin cylindrospermopsin. Environ. Toxicol. 18:78-93.

Halstead, B.W. 1988. Poisonous and venomous marine animals of the world. Princeton:
Darwin Press.

Hamilton, P.B., L.M. Ley, S. Dean, and F.R. Pick. 2005. The occurrence of the
cyanobacterium Cylindrospermopsis raciborskii in Constance Lake: an exotic
cyanoprokaryote new to Canada. Phycologia. 44: 17-25.

Harada, K.1., I. Ohtani, K. Iwamoto, M. Suzuki, M.F. Watanabe, M. Watanabe, and K.
Terao. 1994. Isolation of cylindrospermopsin from a cyanobacterium Umezakia natans
and its screening method. Toxicon. 32:73-84.

Hawkins, P.R., M.T. Runnegar, A.R. Jackson, and |.R. Falconer. 1985. Severe
hepatotoxicity caused by the tropical cyanobacterium (blue-green alga)
Cylindrospermopsis raciborskii (Woloszynska) Seenaya and Subba Raju isolated from a
domestic water supply reservoir. Appl. Environ. Microbiol. 50 (5):1292.

Huisman, J., H. Matthijs, and P. Visser. 2005. Harmful Cyanobacteria. AQEC 3. Springer.
Netherlands. ISBN 1-4020-3009-6. 241 pp.

Humpage, A.R., M. Fenech, P. Thomas, and I.R. Falconer. 2000. Micronucleus induction
and chromosome loss in transformed human white cells indicate clastogenic and
aneugenic action of the cyanobacterial toxin, cylindrospermopsin. Mutation Research.
472(1-2):155-161.

Humpage, A.R., F. Fontaine, S. Froscio, P. Burcham, and I.R. Falconer. 2005.
Cylindrospermopsin genotoxicity and cytotoxicity: Role of cytochrome P-450 and
oxidative stress. Journal of Toxicology and Environmental Health-Part A. 68:739-753.

Jones, G.J. and A.P Negri. 1997. Persistence and degradation of cyanobacterial paralytic
shellfish poisons (PSPs) in freshwaters. Water Res. 31 (3):525-533.

Kao, C.Y. 1993. Paralytic Shellfish Poisoning. In: I.R. Falconer (ed). Algal toxins in seafood
and drinking water. London: Academic Press. 75-86.

Lagos, N., H. Onodera, P.A. Zagatto, D. Andrinolo, S.M.F.Q. Azevedo, Y. and Oshima.
1999. The first evidence of paralytic shellfish toxins in the freshwater cyanobacterium
Cylindrospermopsis raciborskii, isolated from Brazil. Toxicon. 37(10):1359-1373.



MacKintosh, C., K.A. Beattie, S. Klumpp, P. Cohen, G.A. Codd. 1990. Cyanobacterial
microcystin-LR is a potent and specific inhibitor of protein phosphatases 1 and 2a from
both mammals and higher plants. Federation of the European Biochemical Society
Letters. 264:187-192.

Merck Veterinary Manual. 2008. Merck & Co., Inc. Whitehouse Station NJ, U.S.

Metcalf, J.S., A. Barakate, and G.A. Codd. 2004. Inhibition of plant protein synthesis by
the cyanobacterial hepatotoxin, cylindrospermopsin. FEMS Microbiol. Lett. 235(1):125-
129.

Metcalf, J.S. and G.A. Codd. 2004. Cyanobacterial Toxins in the Water Environment.
FR/R0009. Foundation for Water Research. 36 pp.

Meyer, KF. 1953. Food poisoning. New Engl. J. Med. 248:843-852.

Molica, R., H. Onodera, C. Garcia, M. Rivas, D. Andrinolo, S. Nascimento, H. Meguro, Y.
Oshima, S. Azevedo, and N. Lagos. 2002. Toxins in the freshwater cyanobacterium
Cylindrospermopsis raciborskii (Cyanophyceae) isolated from Tabocas reservoir in
Caruaru, Brazil, including demonstration of a new saxitoxin analogue. Phycologia.
41:606-611.

Moore, D., G.B. McGregor and G. Shaw. 2004. Morphological changes during akinete
germination in Cylindrospermopsis raciborskii (Nostocales, Cyanobacteria). Journal of
Phycology. 40:1098-1105.

Narahashi, T. 1972. Mechanism of action of tetrodotoxin and saxitoxin on excitable
membranes. Fed. Proc. 31:1124-1132.

Pham, M.N., H.T.W. Tan, S. Mitrovic and H.H.T. Yeo, 2011. A checklist of the algae of
Singapore. pp. 1-100. Singapore: Raffles Museum of Biodiversity Research, National
University of Singapore.

Plaas H., and H. Paerl. 2021. Toxic cyanobacteria: A growing threat to water and air
quality. Environ. Sci. Technol. 2021, 55, 1, 44-64

Pomati, F., S. Sacchi, C. Rossetti, S. Giovannardi, H. Onodera, Y. Oshima, B.A. Neilan.
2000. The freshwater cyanobacterium Planktothrix sp. FP1: molecular identification and
detection of paralytic shellfish poisoning toxins. J. Phycol. 36(3):553-562.

Rapala J., A. Robertson, A.P. Negri, K.A. Berg, P. Tuomi, C. Lyra, K. Erkomaa, K. Lahti, K.
Hoppu, L. Lepisto. 2005. First report of saxitoxin in Finnish lakes and possible associated
effects on human health. Environ Toxicol. 2005; 20(3):331-40.



Report of the Joint FAO/IOC/WHO ad hoc Expert Consultation on Biotoxins in Bivalve
Molluscs. 2004. Oslo, Norway, Sept. 26-30. 31 pgs.

Rodrigue, D.C., R.A. Etzel, S. Hall, E.De Porras, O.H.Velasquez, R.V.Tauxe, E.M. Kilbourne,
P.A. Blake. 1990. Lethal Paralytic Shellfish Poisoning in Guatemala. Amer J of Trop Med
and Hygiene. 42:267-271.

Saker, M.L. and G.K. Eaglesham. 1999. The accumulation of cylindrospermopsin from
the cyanobacterium Cylindrospermopsis raciborskiiin tissues of the Redclaw crayfish
Cherax quadricarinatus. Toxicon. 37(7):1065-1077.

Saker, M.L, A.D. Thomas, and J.H. Norton. 1999. Cattle mortality attributed to the toxic
cyanobacterium Cylindrospermopsis raciborskii in an outback region of North
Queensland. Environmental Toxicology. 14(1):179-182.

Saker, M.L. and D.J. Griffiths. 2000. The effect of temperature on growth and
cylindrospermopsin content of seven isolates of Cylindrospermopsis raciborskii
(Nostocales, Cyanophyceae) from water bodies in northern Australia. Phycologia.
39:349-354.

Shen, X., P.K. Lam, G.R Shaw, W. Wickramasinghe. 2002. Genotoxicity investigation of a
cyanobacterial toxin, cylindrospermopsin. Toxicon. 40(10):1499-501.

Stevens, D, and R. Krieger. 1991. Effect of route of exposure and repeated doses on the
acute toxicity in mice of the cyanobacterial nicotinic alkaloid anatoxin-a. Toxicon.
29(1):134-138.

Stuken, A., J. Rucker, T. Endrulat, K. Preussel, M. Hemm, B. Nixdorf, U. Karsten, and C.
Wiedner. 2006. Distribution of three alien cyanobacterial species (Nostocales) in
northeast Germany: Cylindrospermopsis raciborskii, Anabaena bergii and
Aphanizomenon aphanizomenoides. Phycologia. 45:696-703.

Terao, K., S. Ohmori, K. Igarashi, |. Ohtani, M.F. Watanabe, K. Harada, E. Ito, M.
Watanabe. 1994. Electron microscopic studies on experimental poisoning in mice
induced by cylindrospermopsin isolated from blue-green alga Umezakia natans. Toxicon.
32(7):833-43.

Testai E. 2021. Anatoxin-a and analogues. In: Chorus |, Welker M, editors: Toxic
Cyanobacteria in Water. 2nd ed. World Health Organisation, Geneva.



USEPA. 2006a. Toxicological Review of Cyanobacterial Toxins: Cylindrospermopsin
(External Review Draft). U.S. Environmental Protection Agency, Washington, DC.
EPA/600/R-06/138, 2006.

USEPA. 2006b. Toxicological Reviews of Cyanobacterial Toxins: Anatoxin-a (External
Review Draft). U.S. Environmental Protection Agency, Washington, DC, NCEA-C-1743,
2006.

Van Apeldoorn, M.E., H.P. van Egmond, G.J.A. Speijers, and G.J.l. Bakker. 2007. Toxins of
cyanobacteria. Mol. Nutr. Food Res. 51:7-60.

Watts, J.S., J. Reilly, F.M. DaCosta, and S. Krop. 1966. Acute toxicity of paralytic shellfish
poison in rats of different ages. Toxicol Appl Pharmacol. 8(2):286-294.

Westrick, J.A. 2008. Chapter 13: Cyanobacterial toxin removal in drinking water
treatment processes and recreational waters. In State of the Science and Research
Needs. H.K. Hudnell (ed.). 950 pp.

http://www.epa.gov/cyano habs symposium/monograph/Ch36.pdf

Wiberg, G.S., N. R. Stephenson. 1960. Toxicologic studies on paralytic shellfish poison.
Toxicol Appl Pharmacol. 2:607-615.

Wood, S.A,, D.J. Stirling, L.R. Briggs, J. Sprosen, P.T. Holland, J.G. Ruck. 2006. Survey of
cyanotoxins in New Zealand waterbodies between 2001 and 2004. New Zealand Journal
of Marine and Freshwater Research. 40:585-595.
http://www.mfe.govt.nz/publications/water/guidelines-for-cyanobacteria/page7.html

WHO. 1999. Toxic Cyanobacteria in Water. A guide to their public health consequences,
monitoring and management. |. Chorus and J. Bartram, eds. Taylor and Francis. New
York and London. 416 pp.

WHO. 2003. Guidelines for safe recreational water environments. Volume 1: Coastal and
fresh waters. World Health Organization. Geneva. 219 pp.

WHO. 2021. Toxic Cyanobacteria in Water — Second edition. A guide to their public
health consequences, monitoring and management. I. Chorus and M. Welker, eds.
Taylor and Francis. 859 pp.

Xie, L., J. Hagar, R.R. Rediske, J. O'Keefe, J. Dyble, Y. Hong, and A.D. Steinman. In Press.
The influence of environmental conditions and hydrologic connectivity on cyanobacteria
assemblages in two drowned river mouth lakes. Journal of Great Lakes Research.


http://www.epa.gov/cyano_habs_symposium/monograph/Ch36.pdf

Yilmaz, M., E.J. Phlips, N.J. Szabo, and S. Badylak. 2008. A comparative study of Florida
strains of Cylindrospermopsis and Aphanizomenon for cylindrospermopsin production.
Toxicon. 51:130-139.

Yilmaz, M. and E.J. Phlips. 2011. Diversity of and selection acting on cylindrospermopsin
cyrB gene adenylation domain sequences in Florida. Appl Environ Microbiol.
DOI:10.1128/AEM.02252-10.



Appendix A. Warning and Danger Signs: A Two-
Tiered Approach

WARNING A

TOXIC ALGAE PRESENT

Lake unsafe for people and pets

ADVERTENCIA - HAY ALGAS TOXICAS EN EL LAGO - El lago es peligroso para personas y mascotas

« Do not swim or water ski. + Clean fish well, discard guts.
No nade ni practique esqui Limpie bien el pescado y deseche
acudtico. las tripas.

» Do not drink lake water. » Avoid areas of scum when
No beba agua del lago. boating.

« Keep pets and livestock away. Fvite las 2078 con verdin:al

navegar.
Mantenga a las mascotas y al
Y ganado alejados. )

Mhmree P BHUMAHME

CH AAT NAhle @D AA TOKCUYECKME BOOOPOC/IM B O3EPE

ANPF AT ARE AINAT ARIT PUY ARP Ozepo He6ez0MacHo ANA MoAeN U AOMALLHUAX

XUBOTHbLIX
e
W R RAA A YRATR
TOKCHUYHI BOAOPOCTI B O3EPI

WM ARG S O3epo HebeaneyHe ANA Niofe Ta AOMAaLIHIX

A1 TBapUH

B0le 9 =/7 A3 AU CANH BAO

0] 3£ A vt S 20§ oHEGHA| TRONG HO €O TAO POC
LS Ho khong an toan cho ngusi va thii nuéi

Call your doctor or veterinarian if you or your animals have
sudden or unexplained sickness or signs of poisoning.

To nquasx this document
n forrnat, call

i ;sooszmm Deaf o
hard of hearing customers,
e a Eban call 7H (Washington
clay) or email
DOH 333-273 May 2021 cvirightsgdoh wagov.

For more information or to report a bloom: EI
nwtoxicalgae.org | 360-407-6000

ATICE Espafiol 420 Uarl pycckwmii Soomaali Ykpalkceka Tiéng Vit di3z

Figure A1: Warning sign for use in Tier |.



DANGER

KEEP OUT OF LAKE

Lake closed due to toxic algae

Call your doctor or veterinarian if you or your animals have
sudden or unexplained sickness or signs of poisoning.

Woshinghm Sute Departnd Y

nwtoxicalgae.org | 360-407-6000 Hga th

ATICE Espafiol #20| YA pycckwii Soomaali Ykpaicska Tidng Viét i DOH 333272 May 2021

For more information or to report a bloom: 4 ?’ Tomaustaia documant

Figure A2: Danger sign for use in Tier II.



Appendix B. Informational Sign: “When in Doubt,
Stay Out”

When in doubt,

A

Y ubomy ozepi En este A 0] B0 B aTOM O3epe aOCHAY A2 2

3ycTpiuatoTben lago hay HER = @'TE #7? BCTpeualoTCA NHY hed ,,T;;rc‘g :::,
BL;';C:::;, algas A HE SEASEL|C TOKCHYecKue aNm déc.
Vuaitre (oxlcas Wk HEO| A= POROBOCIW: £NOFd: Tranh cac

noBepxHOCTeH Evitar las SBE o 155 Jog M3ﬁeram'e~ $34 hANTFo- khu vuc ndi

" zonascon T SIAIA noBepXHOCTeN ¢ ADNNPF bot.

DOKPUTIAX: r TjshAl. BOAOPOCAAMM o

BOAOPOCTAMM. verdin. K3 o . L%

For more information or to report a bloom: ; wSutDutncty
nwtoxicalgae.org | 360-407-6000 : ' Heal th ey e

ATICT Espaiol $H20] Uil pycexuin Soomaali Yipaiucora Tiéng Viet $3X DOH 333271 May 2021  civilrightsadohwagow.

Figure B1: Informational sign for use in Two-Tier Lake
Management Protocol.



Appendix C. Veterinary Informational Poster

When in Doubt...
Stay Out!

If you see abloom, do notlet
your petinto the water.

« Toxic algal blooms can poison
animals, wildlife, and people.

« Toxic blooms can be different
colors: green, blue, red, or
brown.

« Blooms appear as foam, scum, or
streaks on the surface of water.

» Look for blooms in lakes, ponds,
and rivers.

Waskirsten Sate Dourioend

@ Health

Animal Safety Alert

If your pets go in the water:

« Do not let them lick their fur.

+ Rinse them with clean water.

« Rinse your hands or any
exposed skin.

Dogs can have severe signs
within minutes to hours.

Look for these signs:

« Lowenergy -Weakness
« Noteating  «Drooling
» Vomiting «Diarrhea
» Stumbling - Paralysis
« Sefzures « Tremors

If yourpet becomes Hli -
Call your veterinarian Immediately:

Report animal polsonings to your
local health department, or the

WA Dept of Health Ph: 360-236-3330

Figure C1: Veterinary Poster for clinics and for lake posting.



